Background: Developing new medicines relies on the successful conduct of clinical trials. As trial protocols become more arduous, it becomes harder to recruit and retain patient volunteers, although recent efforts such as OMERACT and I-SPY2 show that partnering with patients can be beneficial. We sought to describe drivers and barriers to trial participation, as well as condition-specific trial preferences. Methods: An online survey was fielded via the patient-powered research network PatientsLikeMe to 1,621 members living with nine selected chronic health conditions. Questions included demographics, trial experience, reasons for non-participation, questions relating to aspects of trial design, and an adaptation of the Net Promoter Score (NPS) for trial satisfaction.
Background
The development of new and innovative medicines is being hampered by the rising cost of clinical trials [1] , with one estimate for the cost of bringing a drug to market as $2.6 billion, a 145% increase from 2003 [2] . Despite energy and resources devoted to study planning, protocol development, and physician reimbursement, many studies fail to recruit enough patients to be adequately powered, and a subset even fail to recruit any patients [3] [4] [5] . Even once recruited, patients may still choose to prematurely drop out of a trial, compromising the study's validity [6] . Tools and strategies that overcome challenges to recruitment and retention have the potential to reduce costs and so accelerate research, but this first requires a thorough understanding of the potential barriers. These include (1) organizational factors, (2) healthcare professional factors, and (3) patient factors [7, 8] .
Many patients harbor misconceptions about trials; in a survey of nearly 6,000 patients, 37% thought their medical care would be better if they did not enroll in a trial, and 22% believed enrolling in a clinical trial would lead to them being "treated like a guinea pig" [9] . Such fears are not completely unfounded given that that participating in a trial is increasingly burdensome, with the median number of study procedures that patients must endure rising from 20 per protocol in 2000-2003 to 30 in 2008-2011 [10] . Listening effectively to patients at early stages may uncover patient-facing obstacles, facilitating effective planning and minimizing burden. Patient-centered approaches to study design and execution might even yield more successful studies [11] and methods to support higher levels of patient engagement have been successfully introduced by research groups such as the OMERACT group [12] and the I-SPY2 trial [13] . In both examples, patients helped resolve research challenges by (1) addressing undesirable aspects of trials, (2) surfacing new perspectives to researchers, (3) interacting directly with researchers, and (4) co-producing new resources that patients may find beneficial before, during and after the trials [14] .
Such examples are few and far between, however, and the potential to prevent costly and avoidable protocol amendments [15] has stimulated interest to systematically involve patients in trial designs on a wider scale. However, deployment of patient-centered engagement models are challenging to implement and sustain over a period of time. Patient-powered research networks (PPRNs) might offer one useful model to streamline real-time patient input into clinical trial planning, having the advantage of inherent scalability, reaching patients in their homes, and having lower barriers than traditional methods to ask multiple rounds of iterative questions [16] . We sought to conduct a pilot study with one PPRN, PatientsLikeMe (PLM), to understand motivations and barriers to trial participation, and to identify opportunities to enhance the clinical trial experiences of patients with chronic disease. As a pilot study, exploratory objectives were to (1) identify socio-demographic factors associated with trial participation; and (2) explore the differences in perceptions and attitudes about trials by type of chronic conditions. The long-term objective of this study was to build a systematic infrastructure to engage patients in trial design so that academics and pharmaceutical companies investigating new drugs could quickly draw upon evidence to optimize the design of each unique trial.
Methods

Setting and study design
Members of PatientsLikeMe share data about their conditions, treatments, symptoms and comorbidities through structured data collection in order to connect with other patients like them, manage their condition, and contribute to scientific research [17] . An online survey was administered to members of the PLM website between February and March 2014. The survey items were developed with the intention of elucidating patient perceptions and experience of clinical trials. Development and usability pre-testing were performed iteratively by the authors. The survey was then reviewed for editorial and technical suggestions by the Quality Assurance staff at PLM. Invitations were sent via private electronic message to an unrestricted convenience sample of members. Completion of the entire survey took about 15 min and was shorter for those who skipped or branched out of sub-sections. Given that participation in the survey was voluntary and members were not remunerated for their participation, patients were unlikely to provide spurious data, although no formal validation of data accuracy was undertaken. Survey responses were collected using a proprietary survey tool and stored in a secure database.
Independent ethics review was not sought as members (patients) of the PLM community are informed of their involvement in research activities via the user agreement and privacy policy before joining the site. Further, the study falls under Office for Human Research Protections (OHRP) Exempt Categories 45 CFR 46.101(B) i.e., research involving the use of educational tests (cognitive, diagnostic, aptitude, achievement), survey procedures, interview procedures or observation of public behavior.
Measures
Demographic variables included age, sex, ethnicity, race, country of residence, and primary medical condition. The survey included three major sections: (1) past experience with clinical trials; (2) attitudes and interest towards clinical trials; and (3) perceived factors that might influence clinical trial participation. Skip-logic and conditional branching were embedded within the survey. Response options varied by the type of questions and ranged from numerical, categorical, ordinal (Likert scale) to open ended comments. Multiple-choice questions with "select all that apply" response choice were randomized to avoid primacy and recency effects. An adaptation of Net Promoter Score (NPS), a single item measure of consumer satisfaction [18] was used to assess trial performance across conditions. NPS has been used as an overarching measure of patient experience with healthcare delivery. Patients were asked "How likely would you be to recommend taking part in this specific trial to another eligible patient like you?" (0-6: detractors, 7-8: passive and 9-10: promoters). A NPS score was calculated as the percentage of respondents who were promoters and subtracting the percentage that were detractors. A copy of the survey as fielded to participants is supplied in Additional file 1: Appendix E-1.
Participants
Participants were selected from the PLM database of patients with the nine most frequently reported "primary" conditions (i.e. a member's chief complaint). The inclusion criteria were: (1) Registered members of the PLM website, (2) aged 18 years or over, (3) website activity within the past 90 days, (4) Reporting one of the following 9 primary medical conditions -amyotrophic lateral sclerosis (ALS), type 2 diabetes mellitus (T2DM), epilepsy, fibromyalgia, multiple sclerosis (MS), major depressive disorder (MDD), Parkinson's disease (PD), rheumatoid arthritis (RA), or systemic lupus erythematosus (SLE) on their PLM profile.
Data analyses
Analyses were only conducted in patients who completed the entire survey. Duplicate entries were removed from analyses. Descriptive statistics were computed for demographic variables and presented as mean (SD) for continuous variable age and frequency (%) for categorical variables sex, race, region, ethnicity and primary medical condition. Difference in demographic distribution between groups (e.g., completers vs. non-completers, trial experience vs. no prior trial experience) were tested using t-test for age and χ 2 test for categorical variables. Questions pertaining to awareness, participation and interest in clinical trials were reported as frequency (%) for categorical variables. The measure of association between sociodemographic factors and trial participation was presented as Odds ratio (OR). Data analyses were performed for all survey completers as well as stratified by the primary condition. Differences between primary conditions were tested by using the MULTTEST procedure with bootstrap adjusted p-values for pairwise comparisons, where appropriate. Data analyses were performed in SAS version 9.4 (SAS Institute Inc., Cary, NC). The level of significance was set at α = .05. A-priori power estimation was not performed.
Results
Participant characteristics
Six thousand eight hundred and nineteen (n = 6,819) unique members were invited to participate in the survey of which 6,815 met the eligibility criteria. Two thousand four hundred and thirty-seven (n = 2,437) viewed the invitation resulting in a view rate (n of views/n of eligible invites) of 36%. Among those who viewed the invite (n = 2,437), 1,621 completed the survey, 636 opted out, and 180 provided partial data, yielding participation rate (n of participation/n of views) and completion rate (n of completers/n of participation) of 74% and 90%, respectively (Fig. 1) . The completion rate was in line with Internetbased surveys of similar length (approximately 70%) [19] .
Among completers, the mean age of members at the time of the survey was 55 years (SD: 11 years); 67% (n = 1,078) were female, 93% were white (n = 1,473). The primary conditions cited by completers were multiple sclerosis (21%, n = 343), Parkinson's disease (20%, n = 319), fibromyalgia (15%, n = 241), amyotrophic lateral sclerosis (10%, n = 160), type 2 diabetes mellitus (10%, n = 158), rheumatoid arthritis (8%, n = 125), epilepsy (8%, n = 131), major depressive disorder (5%, n = 91) and systemic lupus erythematosus (3%, n = 53) ( Table 1 ). The majority of members were from the United States (72%, n = 1,168), United Kingdom (10%, n = 158), Canada (8%, n = 134) and Australia (3%, n = 50).
Using available profile data from non-completers, completers were around 3 years older than noncompleters (t-test = 7.7, p < 0.0001). The groups also differed significantly on primary condition (χ 2 = 283.1, p < 0.0001). Of note, the percentage of completers relative to non-completers were higher for MS (21% vs. 13%), fibromyalgia (15% vs. 8%) and PD (20% vs 13%); and lower for T2DM (10% vs. 21%) and MDD (5% vs. 9%) ( Table 1 ). The demographics of trial completers broken down by condition are shown in Table 2 .
Patient experience with trials
In our study population, 39% (n = 630/1621) of patients reported having discussed medical research with their Fig. 1 Flow of participation in the survey. Six-thousand eighthundred and nineteen patients (n = 6,819) were invited of which n = 2,437 viewed the invite and n = 1,621 completed the survey, yielding view rate (n of views/n of eligible invites), participation rate (n of participation/n of views) and completion rate (n of completers/n of participation) of 36%, 74 and 90%, respectively physician and 31% (n = 496/1621) reported being invited to participate in a clinical trial. One-fifth (21%) of patients had ever enrolled in a clinical trial (i.e. were "trial experienced") (n = 346/1,621, Table 2 ) with 65% of the trial experienced subgroup (n = 222/346) completing one or more trial(s). About a quarter, 24% (n = 82/346) were enrolled in a trial at the time of the survey and 12% (n = 42/346) had withdrawn from a trial before its conclusion. Among trial experienced patients, the mean age at the time of the survey was higher (57 years vs. 54 years) compared to those without prior trial experience. The proportion of trial experienced patients was highest among patients with ALS (36%, n = 57/160), Parkinson's disease (36%, n = 116/319) or MS (20%, n = 67/343); and lowest among those with SLE (9%, n = 5/53), MDD (11%, n = 10/91) or fibromyalgia (11%, n = 26/241) ( Table 1) . Among those invited to a trial some did not meet the eligibility criteria (19%, n = 93/496) and a few declined to participate (11%, n = 57/496). The reasons cited for declining participation in trials include, in descending order: inconvenience of travel (42%, n = 24/57), concerns about side effects (30%, n = 17/57), chance of getting a placebo (23%, n = 13/57) and having no interest in the particular trial (23%, n = 13/57) (Fig. 2) . Socio- (Fig. 3) . The majority of trial experienced participants (58%, n = 200) reported being "extremely" to "very satisfied" with their participation while a fifth (20%) were only "slightly" or "not at all" satisfied. An overall trial satisfaction as measured by NPS, revealed that 46% (n = 159/346) were classified by the scoring system as "promoters" and 34% (n = 119/346) were "detractors" yielding an average score (% promoters -% detractors) of 12% (95% CI: 7% to 17%. Fig. 4 ). NPS was higher in patients with Parkinson's disease (NPS: 22%, 95% CI: 14% to 30%) and MS (NPS: 18%, 95% CI: 7% to 29%); and lower in RA (NPS: −10%, 95% CI: −29% to 9%) and Epilepsy (NPS: −16%, 95% CI: −34% to 2%), where some participants would actively dissuade other patients like them from taking part in trials.
At the time of the survey, the mean age of participants who withdrew before trial conclusion was 58 years. Trial withdrawal was higher in females (16%, n = 33/211) relative to males (7%, n = 9/135). The proportion of trial withdrawal was highest among patients with SLE (40%, n = 2/5) and MS (21%, n = 14/57). NPS was also notably lower in patients who withdrew from trials (NPS: −28%, 95% CI: −52% to −24%) relative to those who completed or were in a trial at the time of the survey (NPS: 18%, 95% CI: 13% to 23%).
Overall attitudes toward trials
Participants expressed a high degree of interest in clinical trials. Specifically, 88% (n = 1,434/1,621) agreed they were "Interested in learning more about taking part in trials" and 80% (n = 1,288/1,621) agreed to "I would like to take part in a trial in the next 12 months". Finally, 93% (n = 1,503/1,621) agreed that they would be "Interested in helping researchers to design better trials", Fig. 2 Reasons for declining trial participation amongst those that declined. The most common reasons were travel inconvenience, concerns over side effects and no interest in particular trial. Mistrust of sponsors, insufficient compensation and advice from family/ friends were the least cited reasons. Note: Categories not mutually inclusive; percentages sum to greater than 100% 
condition (patient's chief complaints). Patients with
Parkinson's disease and MS were likely to endorse trials to other patients; in RA and Epilepsy participants were more likely to dissuade other patients like them from taking part in trials. Overall, 58% patients were "Very" to "Extremely" satisfied with the trials they partook in. Error bars represent 95% Confidence Intervals (95% CI)
suggesting an opportunity to engage with this population again on a trial-by-trial basis to develop better protocols and engagement methods.
When asked to rate factors they might consider before joining a clinical trial, participants cited the following factors as "very" to "somewhat" important (in descending order of ratings): (1) opportunity to improve health of others (98%, n = 1,593/1,621) and self (98%, n = 1,586/1,621), (2) reputation of the institution ) 97 %, n = 1,578/1,621), and (3) covering medical bills in case of a trial related injury (96%, n = 1,551/1,621). The least important considerations were: (1) remuneration for participation (46%, n = 734/1,621), and (2) receiving a placebo (64%, n = 1,046/1,621). Perceived importance of these factors across conditions and significant pairwise differences are shown in Table 3 .
Condition-specific attitudes toward trials
The perceptions of ALS patients were significantly different from other patients on a number of factors, suggesting that patients with this more serious and lethal disease would be more accommodating around issues of side effects, privacy and confidentiality, having their bills covered, receiving results after the study, changing doctors during the trial, and not receiving remuneration for taking part. For nearly every other factor, all non-ALS conditions were in agreement. However, there were more between-group differences on the issue of being paid to participate in a trial, with higher levels of interest expressed by patients with epilepsy (63%), type II diabetes (60%), RA (58%), and SLE (58%) relative to patients with Parkinson's (32%) or ALS (19%). Three of the four groups expressing an interest in being paid were also those with the lowest NPS score.
Discussion
In a survey of over 1,600 patients with chronic illnesses, we found a high degree of willingness to take part in trials but a low degree of trial experience and variable rate of trial satisfaction among those that had ever taken part. Online platforms might provide a means for identifying and perhaps even resolving some of the challenges to recruitment and retention before they happen by asking patients to partner with researchers to improve their studies [16] . in a study of cancer trials in the UK, studies that included patient input were twice as likely to successfully hit their recruitment targets [20] . Use of the NPS might provide an opportunity to benchmark trials and see whether patient input improves satisfaction. Although not directly comparable, a recent cross-industry survey suggests that currently, the level of patient satisfaction ascribed to trials is only comparable in the consumer world to some of the worst experiences reported in the field [21] ; dealing with internet service providers, utility companies, or health insurers are often held up as unpleasant ordeals and this data speaks to substantial room for improvement if we are to encourage participants to enroll.
The main barrier to taking part in trials appeared to be a lack of awareness, with most patients (61%) not being invited to take part by their physicians. Clinic appointments for complex chronic conditions are often too brief to adequately manage all aspects of care, coordination, education, and documentation, let alone to also perform adequate informed consent procedures for a detailed protocol. Infrastructure issues may be important here; McDonald et al. (2006) found that the most important predictor of successful trial recruitment was having a dedicated trial manager (OR 3.8, 95%CI 0.79-36.14). Embi et al. [22] found significant improvements when an automated software system was integrated with electronic health records, and the increasing move towards electronic systems for records management might be one opportunity to match eligible participants to enrolling trials. Disease advocacy groups may also facilitate enrollment with patient-facing features such as clinical trial awareness meetings and advocacy initiatives [23] or online tools such as the Michael J Fox Foundation's Fox Trial Finder [24] . PatientsLikeMe provides its members an automated tool that matches them to trials for which they might be eligible on the basis of public data from ClinicalTrials.gov, although a recent review found that this data source itself might be less than perfect for such purposes [25] .
In line with the literature [26, 27] females and nonwhites were under-represented amongst the patients who had experience of being in a trial. Patients in hardto-reach group may need further outreach, such as meeting patients where they are at major community events, churches, senior centers, and schools (Institute of Medicine, 2012). Once participation was offered, commonly cited reasons for declining to participate were factors such as inconvenience to travel sites, concerns over side effects, and chance of getting a placebo. Given that these research-related factors might be a deterrent to participation, researchers could consider more patientcentered trial designs that emphasize at-home testing, put systems in place to help patients report and cope with side effects, or use novel designs such as adaptive or pragmatic trials to reduce use of placebo. Communicating these patient-centric innovations concisely in recruitment materials could be a key part of stimulating interest in a new study; sometimes the features of a clinical trial are so obscured in recruitment materials that patients incorrectly infer that benefits such as out-ofpocket expenses are not covered when they are [28] .
Previous studies have found that altruism and personal benefits are among the key motivators for participating in trials generally [29] and our study replicated this finding. From the patient standpoint, the majority of participants cited that it was also important to get medical bills covered (96%) or get the trial results once the trial was over (95%), and there is some evidence to suggest that in practice most trial participants never receive this feedback [30] . Understanding and addressing such patient needs and expectations are critical steps forward towards designing patient-centered trials rather than assuming that altruism alone will drive recruitment efforts.
In the current study, ALS patients were less concerned about undesirable aspects of trials such as potential negative impact on health and side effects of new treatment. One possible explanation of these findings is that due to the lack of disease-modifying therapeutics and reduced life expectancy, ALS patients may be more desperate to find a cure. Other studies considering chronic conditions have found that cancer trials were more likely to fulfill their recruitment targets, for instance [20] . Previous research has found that ALS patients might be particularly unusual in the lengths that they will go to self-experiment, including off-label treatments and even breaking trial protocols to attempt to deduce whether an experimental treatment is having an effect [16] .
Patients with the rarer conditions ALS, PD or MS were more experienced with trials (36%, 36 and 20% respectively) than patients with the more common T2DM, fibromyalgia and MDD (13%, 11 and 11%). This may be a reflection of different factors such as (1) the perceived severity of their condition; (2) availability of available therapies, (3) opportunity to choose between trials in the investigational pipeline, (4) inherent disease characteristics such as exclusionary comorbidities, and (5) engagement with organizations supporting research. Given that PatientsLikeMe has historically had deep and engaged communities in ALS, PD, and MS, this may simply reflect unusually high levels of engagement in these respondent. However, it might be worth briefly considering the conditions with lower levels of trial participation. T2DM patients might be less willing to participate in clinical research because the perceived threat from the illness is lower than some of the other conditions profiled here. Fibromyalgia trials suffer from an FDAmandated discontinuation of all other therapies, with the exception of acetaminophen, as a requirement for trial participation, which 84% of patients rated as undesirable [31] . Mental health disorders such as MDD have previously been identified as challenging to enroll in clinical trials due to stigma, trial issues arising from patients with a heightened risk of suicide, and the availability of existing therapies [32] . Once enrolled, however, MDD patients in this study reported some of the highest levels of satisfaction with their trials.
The merits of the study include utilizing crowdsourced PPRNs for rapid enrollment and data collection in a group of patients who have either been in clinical trials or who have a high degree of interest in taking part in them. These networks hold promise for optimizing trial design and operations by enabling researchers to evaluate to patients' concerns in a way that is fast, repeatable, and with results that can generalize to a broader population easier than individual advocates or small focus groups. Furthermore, given the participatory nature of our research, this provides a framework to re-engage patients for future feedback and evaluate the disease correlates (e.g., severity, treatment use) that may predict trial preferences in the future. This framework can be adapted for future studies to elicit trial-specific patientcentered feedback in real-time that can not only be targeted to improve recruitment but also ensure that patient expectations are met from trials.
There are several limitations to the current study design. The study was cross-sectional survey and hence subject to selection bias, recall bias, information bias and social desirability bias. It may represent the patient voice, but the data are based on subjective self-reports, the data are derived from a convenience sample, and the mix of patients is representative of PLM and not necessarily of the medical population at large. The PLM population skews toward a more activated, educated, female population with chronic conditions, although this is typical for many health-oriented sites [33, 34] . Finally, condition comparisons presented in the study were not specified a-priori. While adjustments were made for multiple pairwise comparisons, statistics are purely exploratory.
Conclusions
Patients are willing and able to take part in clinical trials for altruistic reasons but are rarely given the opportunity to do so. Once enrolled, they face an experience that could be improved upon by consulting with other patients like them to improve protocol design. Although patient factors are only one aspect of conducting a successful trial there are sound ethical, scientific, and business reasons for taking a more patient-centric approach. 
